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Summary
Strategies for dealing with evasion include such standard policies as stricter enforcement (e.g., increased audit rates, more extensive audits, larger penalties). However, the exact responses of taxpayers to these enforcement measures are quite difficult to measure with existing field data, and so are not known precisely.
In this paper we use experimental methods to examine how individuals respond in their compliance decisions to a "certain" probability of audit and to information concerning the "productivity" of an audit. Our experimental design captures the essential features of the voluntary income reporting and tax assessment system used in many countries. Human subjects in a controlled laboratory environment earn income through their performance in a task, with their actual income determined by their relative performance in this task. The subjects must then decide how much of this income to report to a tax agency. Taxes are paid on reported income, and no taxes are paid on unreported income. However, unreported income may be discovered via a random audit, and the subject must then pay the owed taxes plus a fine based on the unpaid taxes. This reporting, audit, and penalty process is repeated for a given number of rounds that each represent a tax period, and is replicated with different sets of subjects. At the completion of the experiment, each subject is paid earnings equal to the laboratory market earnings converted to U.S. dollars at a pre-announced conversion rate.
Our main policy question is the compliance effect of audits. Our experimental design specifically addresses this question be varying the prior information concerning audit probabilities and by varying the productivity of the audit. We inform some individuals that their return will be audited with certainty prior to their making their compliance decision, while other individuals receive information that they will not be audited. We also inform individuals of the productivity of the audit, by announcing how much unreported income will be discovered via the audit. Our design therefore allows us to observe the behavioral responses of those who are told that they will be audited and of those who know that they will not be audited, when the productivity of the audit itself varies.
We find that the announcement of audits increases the compliance rate of those who are told that they will be audited. However, the compliance rate of those who know, by elimination, that they will not be audited falls, and the net effect is that overall compliance falls. We also find that subjects respond to increased audit effectiveness only when they are expecting to be audited; that is, more productive audit procedures alone are insufficient inducements to comply unless accompanied by a heightened expectation of the audit itself.
INTRODUCTION
Evasion is a pervasive problem in all tax systems. For example, the "tax gap" in the United States individual income tax -or the amount of income taxes not collected due to noncompliance -is currently estimated by the Internal Revenue Service (IRS) at roughly $300 billion, and it is widely suspected that similar, even larger tax gaps exist in other countries.
Strategies for dealing with evasion include such standard policies as stricter enforcement (e.g., increased audit rates, more extensive audits, larger penalties). However, the exact responses of taxpayers to these enforcement measures are quite difficult to measure, and so are not known precisely. In this paper we use experimental methods to examine how individuals respond in their compliance decisions to a "certain" probability of audit and to information concerning the "productivity" of an audit. We find that the announcement of audits increases the compliance rate of those who are told that they will be audited. However, the compliance rate of those who know that they will not be audited falls, and the net effect is that overall compliance falls.
A fundamental difficulty in any attempt to estimate the response of individuals to an increased audit rate is the lack of reliable information on taxpayer compliance. After all, individuals have strong incentives to conceal their cheating. Several methods have been employed in an attempt to overcome this difficulty.
The best available source of information on compliance in the U.S. is the Taxpayer Compliance Measurement Program (TCMP) of the IRS. From 1965 to 1988, the IRS conducted detailed line-by-line audits of a stratified random sample of roughly 50,000 individual tax returns on a 3-year cycle. These audits yielded an IRS estimate of the taxpayer's "true" income, which allowed measures of individual and aggregate income tax evasion to be calculated. Such estimates of noncompliance are probably the most accurate that are available. Even so, however, TCMP data have some serious and well-recognized deficiencies: the audits do not detect all underreported income, nonfilers are not often captured, honest errors are not identified, and final audit adjustments are not included. Importantly, the individual-level data have not been used by researchers to estimate the impact of a higher audit rate on taxpayer compliance, and they are also now quite dated.
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One creative attempt to estimate the impact of higher audit rates on compliance behavior is the work of Dubin, Graetz, and Wilde (1990) , who used U.S. state-level reporting data for the years 1977 to 1986 to estimate the effects of change in state audit rates on reported income.
They concluded that the steady decline in audit rates over this decade led to a significant decline in income tax collections. More recent work by Dubin (2004) gives a similar answer.
Unfortunately, however, these studies do not have direct measures of noncompliance. The studies must also contend with various econometric issues (e.g., the endogeneity of the audit rates), and they are unable to control for all variables that affect taxpayer reporting decisions, including changes in the tax laws and in economic conditions.
In an effort to test more directly the deterrence effects of audits, Slemrod, Blumenthal, and Christian (2001) worked with the State of Minnesota to conduct a controlled field experiment. A stratified random sample of roughly 2000 Minnesota taxpayers was selected, and these taxpayers were told via a letter sent to them by the Minnesota Department of Revenue in January 1994 that the tax returns they were about to file would be "closely examined". The intent of the experiment was to see whether individuals informed about an increase in the probability of audit prior to filing a tax return would in fact increase their compliance. Slemrod, Blumenthal, and Christian (2001) found that low-and middle-income taxpayers responded as predicted, by increasing their reported levels of income; surprisingly and perversely, they also found that high-income taxpayers actually reduced their reports, even in the face of a higher probability of audit. Like Dubin, Graetz, and Wilde (1990) and Dubin (2004) , Slemrod, Blumenthal, and Christian (2001) did not have actual information on individual compliance, but instead had to focus on investigating the income reporting by the taxpayers, an indirect measure of compliance. Since the experiment employed a between-subjects design, they also were unable to provide any estimate of the actual response of individuals to the "certain" audit.
2
Some studies have utilized survey data in an effort to estimate the impact of audit rates on compliance. For example, Kinsey (1992) and Sheffrin and Triest (1992) examined individual survey data, and found that compliance increases with a greater (perceived) probability of audit.
While surveys can generate useful information, their accuracy is uncertain. Individuals may not remember their reporting decisions, they may not respond truthfully or at all, and the respondents may not be representative of all taxpayers. Surveys are also unable to control for many relevant determinants of noncompliance. Finally, surveys cannot determine the direction of causality between evasion and its determinants; that is, statements about, say, the audit rates and compliance may result from an ex post rationalization for noncompliance rather than be the ex ante cause of noncompliance.
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Despite the many insights of this literature, therefore, the effect of higher audit rates on compliance remains unanswered. Even the work of Slemrod, Blumenthal, and Christian (2001) is unable to answer fully this question. Aside from their lack of access to actual compliance 2 With a between-subjects design (e.g., some taxpayers are in the treatment setting and others are in a control group) we can be less certain that observed differences in behavior are due to the experimental treatment. Instead, behavior differences may be due to unobserved subject characteristics. 3 Recurring themes in the use of survey data to investigate recalled behavior are recollection bias and reluctance to report on past illegal behavior. Elffers (1991) reports the results of surveys eliciting reported illegal (delinquent) behavior and cites several examples of studies in which respondents were guilty of dynamic inconsistency in their responses. A recent study of recollection bias in the case of terrorist attacks by Viscusi and Zeckhauser (2005) finds that individuals reported they were aware of the possibility of terrorist attacks prior to September 11, 2001 at levels that are inconsistent with policy actions before and after this event. They apply the term "recollection bias" to this behavior. information, they cannot address the important behavioral question concerning the effect on those not receiving the informational letter from the revenue department. Perhaps the only effect is indirect, but, if a particular taxpayer receives notification informing her that she will be audited and a second taxpayer receives no letter, is the second person to assume that she will not be audited? If so, the response of the non-recipients must be taken into account. Since the Minnesota experiment did not inform the non-recipients of their status, conjectures about their own audit prospects are open questions. Finally, one cannot infer how the recipients of the letters interpreted the phrase "closely examined" in the letter.
Such difficulties with field data have led other researchers to utilize laboratory experiments to investigate the responses of human subjects to changes in enforcement parameters (Friedland, Maital, and Rutenberg 1978; Becker, Buchner, and Sleeking 1987; Webley, Robben, Elffers, and Hessing 1991; McKee 1992, 1993; Alm, McClelland, and Schulze 1992) . A typical result from Alm, Jackson, and McKee (1992) is that an increase of 10 percent in the audit rate will increase compliance by 2 percent. Alm, McClelland, and Schulze (1992) find that this impact appears to be small and nonlinear, so that the deterrent effect of a higher audit rate eventually diminishes.
In this paper we utilize laboratory experiments to examine the response of individuals to audit rates and productivity. In the lab we are able to generate information on how human subjects make their actual compliance choices and how these choices vary with a change in the probability and the productivity of an audit. Our design informs some individuals that their return will be audited with certainty prior to their making their compliance decision, while other individuals receive information that they will not be audited. We also inform individuals of the "productivity" of the audit, as a means of incorporating the "closely examined" statement, by announcing how much unreported income will be discovered via the audit. Our design therefore allows us to quantify the "closely examined" language of the Minnesota experiment, and it also allows us to observe the behavioral responses of those who are told that they will not be audited.
We find that the announcement of audits increases the compliance rate of those who are told that they will be audited. However, the compliance rate of those who know, by elimination, that they will not be audited falls, and the net effect is that overall compliance falls. We also find that subjects respond to increased audit effectiveness only when they are expecting to be audited; that is, more productive audit procedures alone are insufficient inducements to comply, unless accompanied by a heightened expectation of the audit itself.
THEORY
The economic model of income tax evasion (Allingham and Sandmo 1972) is based on the economics-of-crime approach pioneered by Becker (1968) . This model focuses on the income reporting behavior of taxpayers, and ignores other forms of evasion such as nonpayment, excessive reporting of deductions, and non-filing. In its simplest form, an individual is assumed to receive an income I and must choose how much of this income to declare to the tax authorities. The individual pays taxes at rate t on every dollar D of income that is declared, while no taxes are paid on underreported income. However, the individual may be audited with a fixed, random probability p; if audited, then all underreported income is discovered, and the individual must pay a penalty at rate f on each dollar that he or she underreported. The indi-
vidual's income I C if caught underreporting equals I C = I-tD-f[t(I-D)], while if underreporting is not caught income I N is I N = I-tD.
An individual is assumed to choose declared income to maximize the expected utility E U(I) of the evasion gamble, or
where E is the expectation operator and utility U(I) is a function only of income. This optimization generates a standard first-order condition for an interior solution; given concavity of the utility function, the second-order condition is satisfied.
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Comparative statics results are easily derived. It is straightforward to show that an increase in the probability of detection p and the penalty rate f unambiguously increase declared
income. An increase in income has an ambiguous effect on declared income, which depends upon the individual's attitude toward risk. If the individual exhibits decreasing absolute risk aversion, then higher incomes (and wealth) are associated with lower levels of compliance.
The standard model has been modified in a number of ways. 5 Even so, a standard result is that, given actual audit and fine rates, most people should rationally choose to cheat.
Introducing risk-aversion certainly affects the predictions, but even so the basic expected utility model of tax evasion is generally unable to explain observed compliance rates.
A more fruitful modification is the incorporation of non-expected utility behavior into the analysis (e.g., individuals exhibiting loss aversion or more extreme forms of risk aversion, such as rank dependent expected utility), which generates predictions of compliance more consistent with observed behavior (Bernasconi 1998) . For example, for individuals described by a rank 4 The first-and second-order conditions are, respectively (where each prime denotes a derivative), Cowell (1990) , Andreoni, Erard, and Feinstein (1998) , and Alm (1999) for a discussion of the standard evasion model and its many variants. dependent expected utility model, we can modify the basic maximization problem of equation (1) to one in which an individual maximizes
where g serves to overweight the probability of the "bad" outcome (or detection and punishment). This alternative approach also helps illuminate the roles of information dissemination by the tax authority. Official information provided by the tax authority that describes audits and their effectiveness should increase the weighted probability of an audit. In contrast, if the information highlights the absence of audits or their lack of effectiveness, we would expect that the information would lower the weighted probability of an audit.
Providing taxpayers with the knowledge that their return will be audited implies that the probability of the audit is now 1.0, in the limit. Rational individuals will respond to this information with perfect compliance. Relaxing the assumption that the audits are 100 percent successful in finding evaded taxes implies that the effective probability of the audit is revised downward. If individuals are able to compute correctly compound lotteries, the compliance effect of changing the audit probability is the same as the effect of an equivalent change in audit productivity. The experiments reported in this paper investigate the effects of informing taxpayers, prior to filing, that their returns will be audited, and also examine the effects of varying levels of audit productivity. We return to the issue of the equivalence of increasing audit probability and audit productivity in the concluding section of the paper.
EXPERIMENTAL DESIGN
The experimental design captures the essential features of the voluntary income reporting and tax assessment system used in many countries. 6 Human subjects in a controlled laboratory environment earn income through their performance in a task, with their actual income determined by their relative performance in this task. The subjects must then decide how much of this income to report to a tax agency. Taxes are paid on reported income, and no taxes are paid on unreported income. However, unreported income may be discovered via a random audit, and the subject must then pay the owed taxes plus a fine based on the unpaid taxes. 7 This reporting, audit, and penalty process is repeated for a given number of rounds that each represent a tax period, and is replicated with different sets of subjects. At the completion of the experiment, each subject is paid earnings equal to the laboratory market earnings converted to U.S. dollars at a pre-announced conversion rate.
Our main policy question is the compliance effect of audits. Our experimental design specifically addresses this question be varying the prior information concerning audit probabilities and by varying the productivity of the audit.
Since these are experiments designed to inform policy makers, they must satisfy Smith's (1982) precept of "parallelism". Parallelism is satisfied when the experimental setting captures the essential elements of the decision problem faced in the naturally occurring setting. It is not necessary (nor is it desirable) that the experiment setting implement all of the complexity of the naturally occurring setting (Plott 1987) . As implemented, our experimental design follows the main elements of McKee (1992, 1993) and Alm, McClelland, and Schulze (1992) , but incorporates some additional features to improve parallelism with taxpayers' decision-making in the naturally occurring world. For example, in the current design, subjects earn income by performing a task (rather than receiving an endowment of income), they disclose income via a tax form, and they face an audit process similar to that in the naturally occurring setting. 8 This sequence is closer to the naturally occurring world in which individuals earn income and then must report this income. Further elements of parallelism are also generated.
The periods are timed to implement the requirement that taxes be filed on time, and the penalties are set at levels that are broadly consistent with those imposed by the IRS (e.g., the penalty for non-filing is 10 percent plus the penalty for reporting zero). A non-filer is automatically audited.
The experiments utilize tax language in the instructions, as well as in the computer interface used to present information and to elicit income reporting behavior. While the stakes are small, the decision setting is also simplified relative to that of the natural setting.
Subjects are recruited from undergraduate introductory classes in economics and business. 9 10 Upon arrival at the lab, the subjects are organized into groups of eight persons with two groups in each session. The subjects do not know who is in their group, only the number in their group; they also know that there are two groups in the session. Basic instructions are 8 The earnings task is admittedly simple, but it generates significant heterogeneity of income. It also contributes to the notion that a higher income is (at least somewhat) "deserved". 9 Recruiting was conducted through announcements in various classes and a sign up via a web page in which the subjects posted their contact information and the time blocks of their availability. Subjects were permitted to participate in only one tax experiment, although other experimental projects were ongoing at the time and many participated in other types of experiments. We actively discourage "snowball" sampling, in which recruited subjects bring additional subjects to a session. When we recruit subjects, we do not reveal the exact nature of the experiment. 10 Although our subjects are recruited from classes offered by the department of economics and the college of business, the subjects are more heterogeneous than this might imply. At the introductory level, the courses are taken by a wide set of students who will ultimately major in a variety of fields including sociology, engineering, and science. More importantly, the decision setting for our experimental treatments is purely individual. To the extent that others have found "subject effects" in experiments, these have tended to be in settings in which other-regarding behavior (e.g., altruism) plays a role. In our present setting, no such factors enter. The basic precepts of experimental economics (Smith 1982) include salience and reward dominance, such that subject effects are dominated by the rewards to the decision being studied. Based on our subjects' interest in the level of the cash received, we feel we have established reward dominance. During the experiment each round (or period) proceeds as follows. The earnings task requires the subjects to sort the digits 1 through 9 into the correct order from a randomized order presented in a 3 by 3 matrix. They do this by pointing the computer mouse at the numbers and "clicking" on the numbers in the correct sequence. On the computer screen a 3 by 3 matrix with the digits in random order appears on the right side of the screen, and, as the numbers are "clicked", they appear in a 3 by 3 matrix on the left side of the screen. 11 A counter on the screen shows the elapsed time from when the first number is "clicked", and, when all nine have been ordered, the subject clicks the "Continue" button to transmit this time to the server. Actual earned income is determined by the relative speed of performance, with the fastest performer receiving the highest income (100 lab dollars) and the slowest performer receiving the lowest income (60 lab dollars).
Once all subjects have completed the income task, they are informed via the computer of their income for the round and presented with a screen that resembles a tax form in which they 11 All computer screens used in this research are available upon request.
report their income. This screen informs the subjects of the tax policy information in effect for the session. Subjects must decide how much of their income to report. In all treatments they are informed of the current tax rate and the penalty rate applied to unreported income. As noted above, these experiments present the instructions and computer interface using tax language. In keeping with the central objective of this investigation, certain parameters (e.g., the tax rate and the penalty rate) are fixed throughout the experiments so that we may focus on the effect of information concerning audits and audit results. All audits investigate only the current period disclosure.
The experimental design implements four basic treatments, as shown in Table 1 . There are four audit rates (0.05, 0.10, 0.30, and 0.40), and these are applied in each of the audit announcement treatments and the audit productivity treatments. 12 In each session the subjects experience two audit probabilities, and these are in place for 15 rounds each. Two sessions are run for treatments T2, T3, and T4; in one session for each the audit rates are 0.05 and 0.3, and in the second session the audit rates are 0.1 and 0.4. A third session is conducted for the baseline treatment T1, where the audit rates are 0.05 and 0.3. The tax rate is set at 0.35 throughout the experiments, and the fine rate is set at 150 percent. There is no public good financed by the tax payments. The currency used in the experiment is called "lab dollars", and subjects are told that all lab dollars earned during the experiment will be redeemed for cash at the end of the experiment at a fixed conversion rate of 90 lab dollars per 1 U.S. dollar.
The process of determining whether an individual is audited is generated by a draw from an animated bingo cage that appears on each subject's computer screen, a representation that looks very similar to the mechanisms used in many state lotteries. 13 In the computerized representation of a bingo cage (or bucket), there are 20 (white and blue) balls; a white ball signifies "no audit", and a blue one denotes an audit. On the screen, the balls bounce around briefly, and then a door opens at the top of the bucket and one of the balls exits the bucket through this door. In sessions in which the audit selection is pre-announced (treatments T3 and T4), subjects are presented with the draw of the ball from the bucket before the subjects are required to file their tax report, as in the case of the Minnesota taxpayers receiving the letter from the revenue department. In the sessions in which the audit selection occurs after the tax report is filed (treatments T1 and T2), the bingo cage appears on the screen after the tax report has been filed. After the audit process has been completed, the subjects are shown a screen that provides the earnings and audit outcome summary for the round. In all treatments the round ends with a screen that reports the results of each completed round (earned income, taxes paid, audit occurrence, fine paid, final income) to the individual subjects.
In the event of an audit, subjects are told that the audit will discover a certain percentage of unreported income. These audit productivity rates are 100 percent (treatments T1 and T3) and 65 percent (T2 and T4); that is, when the audit productivity rate is 100 percent, all unreported income is discovered with an audit, while only 65 percent of unreported income is discovered when the audit productivity rate is 65 percent.
The experimental platform consists of 16 notebook computers, a server, and software designed for this series of experimentation. Sessions were conducted on the University of Tennessee at Knoxville. Methods adhere to all guidelines concerning the ethical treatment of human subjects. Instructions are available upon request. A total of 144 subjects participated, and the number participating in each treatment is shown in Table 1 .
BEHAVIORAL HYPOTHESES AND METHODS
There are several basic behavioral hypotheses that are typically investigated in compliance studies, including the effects of economic variables like income and wealth on compliance. The focus of our current research is the effect of information about specific audit prospects and the productivity of these audits. In the field, individuals have varying levels of information regarding the objective probability of an audit. The tax authority may formally announce an audit rate, there may be less precise information reported in the press, or the audit rate may be a complete secret. The available information allows individuals to form priors regarding the probability that they will be audited. This expected audit probability is predicted to influence behavior directly. The exact influence can be investigated by varying the information provided to individuals over time. In the lab, it is straightforward to vary the information because we can tell individuals their exact audit prospects in each period by announcing the probability of audit. Further, we can inform the individual as to whether he or she is to be selected for an audit before the tax return is filed or we can wait until after the return is filed to select for audit, and we can also tell subjects the productivity of the audit.
Expected utility maximizers will increase compliance in response to being told that they will be audited with certainty. Similarly, individuals with rank dependent expected utility or loss aversion preferences will likely focus on the "bad" outcome (e.g., being audited), and so information regarding their specific audit prospects should lead them to update their priors to increase their subjective audit risk. Information concerning the productivity of the audit should have less impact.
Specifically, we construct these hypotheses for responses to official information announcements:
H1: Individuals who are told that they will be audited prior to their filing decision will comply perfectly.
H2: Individuals who are told that they will not be audited will record very low (zero) levels of compliance.
To the extent that paying taxes is viewed as a social contract (Alm, Jackson and McKee 1993; Frey 1992 Frey , 1997 , lowering the productivity of audits may actually increase compliance.
In essence, the less intrusive audits denote greater trust and engender higher "intrinsic motivation" to pay taxes, and this will be reciprocated through higher levels of compliance. On the other hand, rational self-interest would suggest that less productive audits will be viewed as an opportunity for increased evasion and compliance will fall. Further, even compliant individuals may lower their compliance when audit productivities fall as these persons may view the system as unfair: those who do cheat will be less likely to pay their full share. As noted above, for individuals exhibiting rank dependent expected utility, the effects of changes in the productivity of the audit should have little impact unless these changes are extreme. On balance, then, we have the following additional hypothesis:
H3: A lower audit productivity rate will decrease compliance.
We examine these hypotheses in several ways. Aside from analysis of simple descriptive statistics, our primary approach consists of a generalized least squares (GLS) regression model that explains income tax compliance as a function of the various fiscal parameters (plus income and "wealth", or accumulated income). The model includes subject-specific effects to control for individual characteristics, and allows for heteroskedastic errors across individuals. 14 The experimental data constitute a panel with 144 subjects and 30 decision rounds. Each subject makes one decision in a round, or the amount of income to declare. The variables that affect this decision are the experimental treatments, the results from previous rounds, and certain subject characteristics. Given this structure, there are several options for analyzing the data. We have elected to utilize a panel estimation technique that allows us to address certain characteristics of the data at the expense of foregoing some other factors. 15 We collect subject characteristic data, and we find that some of these systematically affect estimated compliance behavior. However, we acknowledge that we may be missing some unobservable effects that could be addressed with a subject random effects estimation approach. The distributional assumptions required of the random effects estimation do not seem to be justified here. Hence, we opt for the use of the cross-section time series estimation utilizing a generalized least squares estimator incorporating panel-specific heteroskedastic error terms.
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The experimental design suggests that the amount of income declared by a taxpayer in each round depends upon such factors as the individual's actual (or "true") earned Income in the round, the Audit Rate, the penalty imposed on the individual (if audited and noncompliant) in the previous round (Lagged Penalty), variables that represent the experimental treatments, and individual characteristics. The experimental treatment variables are discussed later. The individual characteristics include a dummy variable for whether the individual has experience with preparing his or her own tax return (Prepare Own Taxes) and a dummy variable for gender 14 For a detailed discussion of this model, see Wooldridge (2002) . 15 Because of the experimental nature of the data, there is perfect correlation between subjects and experimental treatment variables, so that we cannot use a subject fixed effects estimation method. A subject random effects approach has a certain appeal, but such estimation imposes considerable structure on the error terms. In the end we opted for the less restrictive approach, and addressed subject effects through observed subject characteristics. 16 All estimations are undertaken using the xtgls estimation in STATA release 8.
(Male) to control for any systematic effects across subjects due to gender. The dependent variable is measured as Compliance Rate, or the ratio of income declared by the subject to the tax authority to true income. Summary statistics for the variables used are reported in Table 2 .
The baseline model is summarized as:
where i and t are individual and round indices and ε it = u i + w it . The traditional error term is denoted by w it , and is assumed to meet all of the usual requirements. The individual-specific effect is denoted by u i , and controls for individual level heterogeneity. The variable Y denotes the different experimental treatments, and Z i represents individual-specific demographic variables. It should be noted that we have estimated a wide variety of alternative specifications.
For example, we have investigated models in which the dependent variable is simply declared income, and we have included other explanatory variables (such as the age of the subject and controls to denote the round). Our results are quite robust to alternative specifications. All estimation results are available upon request.
RESULTS
The average compliance rates for each treatment are reported in Table 1 . Holding the productivity (Audit Productivity) of the audits fixed, we see that pre-announcing who will be audited actually decreases overall compliance. Comparing T2 and T4 (when the audit success rate is 65 percent), we find that T2 (where audit selection is not pre-announced) has higher compliance rates than T4 (where audit selection is pre-announced); the t-statistic is 2.36, with a p-value of 0.01. Comparing T1 and T3 (when the audit success rate is 100 percent), we find again that compliance is lower when audit selection is pre-announced, and this difference is statistically significant (the t-statistic is 1.76, with a p-value of 0.04). While we expect those who know that they will be audited to increase their compliance, those who are expecting not to be audited will lower their compliance to near zero; this latter effect requires that individuals trust the tax authority to not audit them. Figures 1 and 2 show the individual subject compliance rates for those individuals who were told that they would be audited with certainty. The compliance rates for these individuals are in most all cases 100 percent, and there is a tendency for slightly lower compliance rates when the audit productivity rate is 65 percent versus 100 percent. Even so, an interesting anomaly in the aggregate results is that the compliance rate apparently increases as the audit productivity falls. Compliance in T2 is greater than in T1 (t-statistic=1.64; p-value=0.05), and the compliance rate is not different when we compare T3 and T4 (t-statistic=0.74).
We report the results of our GLS estimations for various specifications in Table 3 The results demonstrate that the subjects in these experiments exhibit behavior similar to that reported in previous research investigating compliance behavior. 17 For example, the compliance rate is increasing in the probability of audit, with an estimated Compliance Rate -Audit Rate elasticity of 0.34 in Model 1. Also, the compliance rate is decreasing in income, and is lower for males. Interestingly, compliance is (weakly) lower for individuals reporting that they prepare their own tax returns, a result likely due to our design parallelism and the fact that few people are actually audited. Our subjects also incorporate past audit outcomes into their compliance decisions. The impact of Lagged Penalty on compliance is negative, suggestive of "catching up"
or "gamblers' fallacy" behavior.
Some more interesting results emerge as we investigate the effects of the treatments in the experimental design. In Model 2 we include a combined enforcement effectiveness variable (Audit Productivity X Audit Rate), and find that subjects respond to increased enforcement by increasing compliance. Separating these two enforcement parameters yields the results reported in Model 3. The subjects respond to the audit probability as expected (e.g., the coefficient on Audit Rate is positive and significant, with an estimated elasticity again of 0.34), but the coefficient on Audit Productivity is negative, although only very weakly so.
In Model 4 we include the other treatment variables. We find that pre-announcing audits lowers compliance (e.g., the coefficient on Audit Before is negative and significant). This is to be expected because we never audit more than forty percent of the individuals. Importantly, in our lab setting we are able to capture the behavior of those not receiving the Slemrod, Blumenthal, and Christian (2001) "letter". Consistent with the results in the Minnesota experiment, we find that those who are told that they will be audited with certainty do in fact increase significantly their compliance, as reflected in the positive and significant coefficient on Known Audit. We do not investigate the high income effect reported by Slemrod, Blumenthal, and Christian (2001) . Even so, however, we still find that pre-announcement lowers compliance, as reflected in the negative and significant coefficient on Audit Before.
The result for Audit Productivity in Model 3 is puzzling. To further address the effects of enforcement effort, we include in Model 5 a variable that captures the interaction between audit productivity and knowledge that one is to be audited. The coefficient on this variable, Audit Productivity X Known Audit, is positive and significant. Increasing enforcement (e.g., the "closely examined" phrase in the Minnesota letter) has the intended effect on those receiving the letter. Even so, it appears that our taxpayer subjects respond to increased audit effectiveness only when they are expecting to be audited. More productive audit procedures alone are insufficient inducements to comply; instead increased compliance seems to require a heightened expectation of the audit itself.
Finally, from the above results, it seems unlikely that a tax authority could credibly use the type of letter sent by the Minnesota Department of Revenue as an enforcement mechanism.
The coefficient on Audit Before is consistently negative and significant. Overall, compliance falls under this program (e.g., compare the compliance rates in T1 versus T3 and in T2 versus T4), and the effect of pre-announcement is too large to be offset by the behavior of those being told their returns will be reviewed; that is, the negative effect arising from the non-recipients will offset the positive effect on those who are informed they will be audited. Over time, it is to be expected that the information that such letters are being sent will become widely known, so that individuals will learn that they are less likely than usual to be audited if they do not receive such advance warning. If the tax authority does not audit those receiving the letter, then its credibility will fall. Absent additional resources, the tax authority will not have the personnel to audit nonrecipients sufficiently to prevent the overall fall in compliance that we observe in our data.
CONCLUSIONS AND DISCUSSION
Our experimental design allows us to investigate the response to the pure information regarding whether an individual's return is to be audited. We are able to measure the response to the information in ways not available to other researchers like Slemrod, Blumenthal, and Christian (2001) . Further, our experiments generate information on actual compliance rates for all the taxpayers in the setting, and we are also able to control directly for changes in audit rates and audit productivity.
We find that our taxpayer subjects respond as predicted to higher audit probability information that is provided prior to the filing decision. Those subjects who know that they are to be audited increase their compliance when so informed, and they are also responsive to increases in the audit productivity. Overall, we also find that taxpayers respond to higher audit probabilities and to the overall (compound lottery) structure of the audit. Further, we find that some of this increased compliance is offset by the responses of those who learn that they will not be audited in the current round. These results complement the findings of Slemrod, Blumenthal, and Christian (2001) .
From a policy perspective, our results provide useful insights as to the potential tradeoffs between higher audit probabilities and more productive audits. Earlier we stated that, if taxpayers can correctly evaluate compound lotteries, then the compliance effect of changing the audit probability is the same as the effect of an equivalent change in audit productivity. If this holds, then tax authority can increase compliance via the less costly strategy. However, our results suggest that increasing audit productivity alone is not effective. It is only when greater audit productivity is combined with a higher audit probability that the overall effect on compliance is positive.
Our results also have implications for informational campaigns intended to increase compliance. Such campaigns may well generate some unintended consequences. It is certainly possible for the tax authority to target individuals to receive ex ante information on their audit status. However, the remaining taxpayers may well form conjectures that are harmful to the tax authority. Since the tax authority cannot credibly commit to auditing all or even a substantial number of taxpayers, informing some taxpayers that their returns will be subject to additional scrutiny is in effect informing the other taxpayers (who are by far more numerous) that their returns will be ignored. If taxpayers have rational expectations, the net effect of such a program is bound to be a fall in overall compliance. This result may be surprising, but it is to be expected, and it should be taken into consideration by the tax authority when devising policies to increase compliance. 
T4
Subjects = 32
Compliance Rate = 0.496 Notes: Sessions in all treatments last 30 rounds, and in all treatments the tax rate is 0.35, the fine rate is 1.5, and subjects are organized into groups of eight persons. The income range is the same for all sessions; the maximum is 100 lab dollars and the minimum is 60 lab dollars, in increments of 10 lab dollars, with one person at 100, one person at 60, and two persons at all other income levels. Audit rates are 0.05, 0.10, 0.30, and 0.40 in all treatments. The dependent variable in all estimations is the Compliance Rate. These estimations are panel models using feasible generalized least squares estimators (Stata 8). In all estimations, the number of observations is 4176, the number of subjects (panels) is 144, and the number of time periods is 29 (omitting period one for the lag operator). The numbers in parentheses are zstatistics. Significance levels are denoted as: * 0.10, ** 0.05, *** 0.01. 
